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mm^] mmm 

m ©iz A° I/- ^ (Dm u (D-^j]/(Dm 2 ©ir a i/- ^ (Dm 2 (d;i^ 

©•feAU-^jS^S^^it-efeoT, mi(D-\lAiy-^(DaV :f\zmi(DiSX^U7. 

ii*^?^j5g$tiTfe*j> m2.(D^;'^\/--9^<Dih')-:r\zm2(Dii7s^u7.mis^i^^-^ 

=btrriH^ 1 <D'^mm^(Dm^mmm^ ^ xsmt^m 2 (D^-t^mmmcDm^mmmcD^ 
n(Dmmmm.&.±.(Dm^w\Mm^Mhx\^i>mPcnm(D'\2.Aiy-^m^m'&6 

[^^^2] ME Ai:,. ME A®— fiUlcaeSLTt. Hi ® ^X^fSS^ ^ S 
IHI^hW®*^Sl<^?^^lJ^M&i:^'2>eiU y&^f SmK^J-fe/'^lz-^i:. ME A 

©flSMiciBMbfc, m2.(Di^7.m'^iii3^^mmt.^wm2(D'-(^mwst.r£^^ 

II 1 <Z)i2 A I/- ^ (^>|| 1 CD^'^'^^ji&i: gl U ©•fe;i/(D|| 2 A I/- <Z)|| 2 C^)?^ 

mm^fi^'t;vmm:^mzK\,^z-^-^nx-i^'ii^mm^^m^Lx\^^mnnm 

(^j2A°l/-^?JgS&^5tT'&oT, Hi (^•fe/^°^-^5^(^)^^fl;^^C||l CD5tf>^^nx 
P}^)':?^^^ $ tiT ^ U , H 2 coir A 1/ - ^ ® O U ^ {cH 2 ® ^ n xm^O'^?^^ ^ 
tlT^y, HKO-fe/IU-^CDHl ©;ij*X^n;;i^til||2(D-fe/\°lx-^5i(D||2<Z) 

[li*:S3 ] m 1 (DiEJiv-^(Dm 1 cD^'x^ ^x^ti:l|2(Z)-fe/^°^'-^ 

2 ^ □ mm-ii^'^mm^(DW:S:-^\^iz^mz^m u r s y 

. Ill (Z):i/Xt^n;^^iiiH2®:;!f::^^n;^ti(Z)— :^r<D^'n;:^.?ili-e<Z)iilW©flB7^ 
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[|f^^4 ] m 1 ^1||2 ^;^•fe/^°l/-^T' 

ir A b - ^ ?jigJi^fil5to 

]® 1 ^ ;t iilt^:^ 2 fB«(Z)»4«M(Z) -fe A - ^ §SJ?&«^o 

C^^JS6] tnrU^(Z)ME Ail^i-e®^«^2 0-4 0%T'fe»J. OU 
T/ipiT&^O. 5 — 1. 5mm-e$>y, ^ O >^lt tf 2 ~ 5 0 mm-efe U , 

. 5'-3mmT'^y, ^^fU^^«S*^0. 3 — 0. 6 mmT'^-SM^i^l 
[0 0 0 1] 

[0 0 0 2] 

mii^-m6^^nmm.mmm'mm(D^^)\^\t. M-«MT>yiz>^u (MEA:Me 

mbrane-Electrode Assembly) ^ ir I/- ^ ©QtM^T^^ tl-5o MEAli 
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T y - KM : — 2 H"^ + 2 e " 

:*V- KM : 2 H"^ + 2 e" + ( 1 /2) ->H2 O 

^jii'--$tizitmm> av-fti^m^-^n. -feAb-^coME A^inisoiHiitii 

#^2 001-196079 -t<i^.#tt, ^ ^;l/■fe7^M/-^®^[BJ^C#|5[^D^^Ig|5 

(Dmnmm(D'^Au-'H^mmi^^mBbx\f^^o 

[0 0 0 3] 

C#s^3:^S^ 1 ] 

#g| 2 0 0 1 - 1 9 6 0 7 9 -^^^ 
[0 0 04] 

z.ti't>(Df^mt>'^^c^m^^:i^^jv-\zj'^i'-'$t<Dm^^mizt'Dxwim^^t: 
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•^^n< hxiiS7.^n7.mm.'^miz:i^mm]^^m^iy^t)tit^t.. 

SMo -fe A 1/ - ^ s z: i: ic -5 o 

^|g0^(Z)*;e)-o®g61;ji, ^ f&I ® Tf^S & tc X ^ 

s -fe A 1/ - ^ ggjS&^Jt & ii#t-t -5 ic s o 

[0 0 0 5] 

(1) ME Ail, ME A®-- (ftKcSBSL;^:, ^ 1 <Z);!/;^.ggS& (T^iilAlS, »:f 
l/-^^, ME A^fiSiKflCiBSl/fe, S2(Z)^X?^S& ^'fb?!/ >?.SfgS?& 

s&hgl (D-fe;i/®m 2 (Z)-fe7N° i^- ^ 2 cD7^^SSli«&:!&^iz;i/^M;? |nI^csv^^c- 
ili: $ ti T -i^'^mm^ & b T V > s mnnmo)-^ /iu-^ m^mm x*$>^x. 

m 1 ®-fe/N°u-^(7)t5'; 1 n;^?t/?)^?^^$tiTfe*;, 112 (DirAl/- 
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(2) MEA^. ME A (D-mizmm^r^. mi(D:^x^m ir=.t^it. mM 

io:ff7.i'u:;^mtm2(D'^^'iu--^(Dm2<Dis:^^u:^miiitmm-i^'^mm 
)^<DW-^:^\^Ks.\^zmmt)'^-fnx\i^^mnnm(D-\EAu-^m^mMo 

(3) f$l<D±^^U--$((Dmi<DiiJ::x.^U7smiim2(D^7ily-'!K<Dm2<DitS 

y.^ U7.mt.it. mME-'i$>'^mm^<DW:^y:mz^mz^mLxisij. micDis 

::^^u:x.miim2(DiS7s^u:^m(D-:^(D^up.mit^(Dnm(Dm:^<Di^u>^m 
(Di3iit(p^izis.wvxv\^ (1) ttcit (2) mm(^mnn<o'^Au-'$t^^ 

':f\y7.m.mz^*)mm.-^nx\^^ (d *7^ii (2) um(Dmnnm(D^^-^\^- 

(5) ;^/x^^;^^t:^'^IOfUy(D^]S^c;bfcoT?l^^.;$tlTv^§ (1) tj^li ( 

(6) QU >^<DME Ai:gg-tS®a^*'5 2 0-4 0%T?^y. ("i U ^(gj^i'? 0 . 
5~1. SmmTfet;, :^/X^n>C^ttr^y^j&«2~5 Omm-e^y, :)5fX^n>^ 
itcDO'; y#:R:^|RJ:R$;^^0. 5~3mm-efeU, ;^J*^ |Himi{ii;^^ 0. 5 ~ 3 m 
mT'&U, iaU^lSS;b^O. 3 — 0. 6mmT^-5 (1) *7^tt (2) tH«(5Qj^ 

[0 0 0 6] 
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tti^x^. iS:^(omMmu^n. —^<Dify^^^±^izt>r:i^x^myfmizt£ 
^^iiii^vN, tr^. -i^'^mm^t)\ -^^■i^mm^<Dwn:^\^comn(D3mz 

ti(Dm^m^m5ix±(Dmmmmm^mLx\^^<Dx. i!S^^u:^miz^'DX}^m 
mmfi^^m-^n?>ziii!)^tji<. i^m^mz^n^'^mmn^mmizmw^n^o 

±SH (2) (Dmnmm(D'^j^u-'itmmmi^xit. mi<D±j^\y-^(Dav^ 

lzmi(D:ff::^i7U7.mt>^Mm^tiX^iJ. #|2 ©-feAlz-^CDtau -flzmza^iiS 

7.^u7.mti^j^WL-^nx\^^r:Li^. '^)\^m\zmtmy=^v^-( y^is^^\:>x—D 
(D i^7.m^t>^mm \^x^ii7.\tiS7s^u7sm^mL^xm'')(D i^'7.mmzm.n ^ z. 
t-fy^x^. iSTsomMmu^n. —D(Dio'y^m^±mzt>t:i^xmn>fmizrjt 

9<D'm2.(DiS7.^n7.mii \t-iif^'^mm^<DW^-fjmz:s.\^\z^nif^-ft\.x v^ ^ 
(Dx. iST.^ u7.mz^'DX'-(^mm^is^^i0\-^i[i^z.tiy^r£<. '^mm\z^\-i 

t>ic, a^ytc-^feti-So mi®-feAi/-^®||i(D;t/x^n>?.SIi:l|2(Z) 

t\,x\^^(DX. '^mm.ti^^mzU'^mz. m, m^a^^znv-'^ay^-i^mm 

-hta (3) <DmMn.m(D^EJiiy-^m^m^Mxit. ^i(DiE^^u~^comi<D 

■^:^mz-^mz^mLx^^j. ^i(oii7.ifU7.mt.'m2<DiS7.^n7.mo^-':f5 
(D^u:Km\t'^<Dmm<Dm-i5<D^u7.m(Dmt^^\z^u\^x\^^a:>x. nmm 
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^(Dmm^mi)'^. '^mmmw^:^\^iz^ i^m-mizur^n. -^m^M'^^mz 

o 

[0 0 0 7] 
[0 0 0 8] 

1 0 1 9 tt, 0 1 -EI 1 1 \z^-lr ^ ^ \z 

. M-SffiT^y -fe^T/U (ME A : Membrane-Electrode Assembly ) ii-fe/'N'l^ — 
^ I S t.^mUtc^(Dtf^ht^^o MEA«, EI2lCa^i-<};e)lC, >r^>3^glM*^ 

5:^)^^^^«^l7 (:dy-H\ ^^^1) tf)^^fjt^o «a 1 4 i:-fe7\° I/- ^ 1 
8 i:(Dr^iciii£icJ» 1 3 36^|git^ti> mmi 7 inz/ti/-^ i 8ii(Z)r^{ciiJiStS: 

M 1 6*^tglt6*l-5c izAl/-^ 1 8 ICli, ^3~l|6{C5t'r J:-9lC, «® 1 4 
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^-^±J120. -f>i/^b-^2 1, x> I/- h 2 2 $:@HttL. ^JimM 

M2 4 (fch^li, 7^>t/a ;^;i'-Ji?;i/h^if) i:;K;i/h2 5tfe 

[0 0 0 9] 

mmmi 2, 1 5i±e^ (p t ) , itj-^y (o , ««^s;{)>e>^-So mw^m 

13, 1 6li:j57-/}f> (C) :6^e>;&'5o 
-feAl/-^ 1 8li, 0 3—^19 {C:^-t j:-5lC, Hi, ^ 2 OD-fe>'^ I/- ^ 1 8 A 

, isBii, TOa?ffei§sgi5^^sgis 2 9 mnmm(7)^mmizM!Z^t^m^) iz 
^tkm-rz^^'Dmi. ii2(D^fli7i/-A 1 8 c, i8Di:{c, ^mmm.-^nx 

[0 0 10] 

H 1 (^ir/ll/-^ 1 8 A, H 1 C7)m:7 b-A 1 8 Ctt, MEACDMMiC 

SB«$tiTVNSgp#T*^U. HlcD-feA-U-^ 1 8 AJiTO;i!/^i:i^JP7Ki:$:IS 
WUTVNSo ||2©i2>'\°l/--^ 1 8 B, ||2®^B|7 1 8 Dli, ME A© 

^^ffiWlciBg$nTv>-5g|J#-efeU, l|2(D-feA°b~^ 1 8 Bli, ^'fb;!/^^^: 

Hi, H2<Di2A°l/-^ 1 8 A, 18Bii^M$S^T% ^JAT. 
1 8 A, 18 B ^%VN-3o Hi, ll2(Z)^fl|7 1 8 C, 1 8 Dl± (#^|:« 

[0011] 

ME Ai±irA°L/-^ 1 8T^*tl'g>o izAU-^ 1 8-rME A^rS^t^gg, tffll 
•71/-A18C, 1 8 D$:^^;i/-fe/\°l/-^ 1 8 A, 1 8 B (DM E AM^C-€•4^^ 
tliB^LT, ^ 1 8 A, ^B|:7 1 8 C, MEA, ^B|7l/ 
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C. 1 8 D*^tfI^^$tlTV^S(^)T^ 1 8 A. MEA, 

irAL/-^ 1 8 B<Z)|RT'^SSnTVASo ^fl|7V-A18C, 18D<Dmi^V 
it. ms. mdizm-t^^ic. >l ^;i/-feAl/-^ 1 8 A, ^Ji|7 1 8 C, 

tfSl^b'-Al 8 D, 1 8 BCOjlR-eaS^tlTV^'So 

[0 0 12] 

ElS—mslC^f .fceiJC, #-fe;H 9 (CfeVNT, Hi ©-feA U-^ l 8 A, H 

Hi 1 8 Ajcii, ME Affiilfcm (»:|-;yx?5fgg&) 27 

1 8BlCtt, ME AMlC||2©:j{f^iiS«& 2 87&'5?^^Sn, ME 

Afl!lil;K*|-MlC?$-^m^2 6*^?^fiK$tlSo «SM^>^.SSliS2 7, m'ft::«/:^§^ii^ 2 

[0 0 13] 

^7^:, 03 lC^"r<i:e){C. -feAl/-^ 1 8(D^$5|-«m^SaJ>y'/;S:S2 9 C7)TO 

o 

[0014] 

^ 1 8 A, 1 8 Bi:^Hi7i^-Ai 8c, i8ii(D.mmnm 

l§«g|S*fi:S:ais 2 9 $:^^T'*ffBI^S?t^[BI^3 0,3 1 tcii, v-7j>;i/ KSIS*^?^^^ 

$tlTV^^. V^^;!/ KgPtCtt, ^^^y'r.^;!/ K3 2, ^!|Sf;!/XT^d^;b K3 3 

M!|S(-«mi§«g|S*ff&SIJ 2 9 $:©^^T'2.V^^CM[6I•t-g.>y•fBISl^ 3 0., 3 1 <D-:S' 3 
OCli, Ay{af(^?^^v:^;ix;i/ K3 2 a, m{M(^^SSJPf;?f ^^-T^^iN;!/ K 3 3 b , m 
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[0 0 15] 

«-a-%ISfBgx^-5i^;i/ K 1 8 Dicmi^^) iz^^^oiz. mm-^-^^JV]^ 1 8C. 
Tv%s„ rifxIstli&^ji^Cli, ;?/X(Z)^gtl®:)^|pI$:v^ofc^Mf«IgP3 0, 3 i Sr 

m$:^foIg[53 0, 3 1 ^M/S":^[«Iiiaxt--5^l«atCi^-'fl:$i±-5?!/:;?.M?5fEg|5 3 5 
. 3 BTb's^fig^nTVN-So :;8/x^j^i|S3 5;;()'^A»;{aif®;J/:?5.v-;jN;i/ K*^e>^?gA•r 
> 

[0 0 16] 

^^y h 3 9 SrSBLT, ?^^v:^3Jn;1/ K 3 2, mniSy^'^—-!i^JV\^3 3. miti^y^ 

07, 0 8, 0 9 iC^-r j:e)JC, tffll:7 U-A 1 8 C, 1 8 D iCli, •fe;i/j»M 

LT, K3 2, K 3 3 , F 3 4 

SVN*^P>i/-;i/f -5 7^«b{c, ^#M*'^^^3ti^g^*Mi/-;i/§|S3 8 (07 

[0017] 

0 3'-0 6lc^-rj;e){c, ^-fe;i/l 9®»:(-«?aigSap*f/;5§|J2 9 iCjSVNT, 
ME A©-"(ilCiBSbfelll CDir/N'U'-^ 1 8 Ali, «S$47!fX^Ji^2 7 i:;55-5[HI 
1^1 3Agt.^^t>'^mi<D;i^m^^2 6 ai:;&SiaU:/l 8Ap$:;tbTfey, 
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ME A<Z)ft6MlCig«L7^|g2(Z)i2/\°b-^ 1 8 Bli, mtiS^^^^Z 8 tfj^^B 

mi 8B s t^'&ti^m 2 (D^i^mm 2 e b tfj^^av s b p ^mhx^^^^o 

[0 0 18] 

— 1 9 1 (Z)-feA° 1^-^ 1 8 A(Dm 1 (^^^^^Si&2 6 a tm^) ®^ 
;H 9©||2®'feAl/-^ 1 8 B (Dm 2 (D^l^m^^ 2 6 b {i-fe;i/aM;&lRllCSVN 
lC-eiM>()^-'^$tlT-f*:?$'^gSS^2 6 S:?^mL/TVNS„ f ^t>*>^ ^;i/-fe/^ l/- 
^ 1 8 A<Z)j^3^«M^mSISMi;5S(©ME A{|Iil;Kjt^il[I®®(^)?^^mii«&2 6 i:, 

-o(D-fe;H 9 (CfeVNT, MJ|Sf:Jt/::^§Sm2 7 i:^>f[::j5f;^§gJi^2 8 illi, ME A 
S: ^ T' S V N fC M b T V ^ S c 
[0 0 19] 

|§i 1 8 A^diuyi 8 Apizmi(D:ff:^^U7.m mms:^i7 

U:^m) 1 8 A c;?)'5?^fifc$nTfeU. l|2©-feA°Lx-^J? 1 8 BODQU >^1 8 B p 
lc||2(Z):^x^nx« (^'ft:;«f:^^n:^?i) l 8 B c *^?^^K$tiTVNS„ *SSJp5f;if 
X^n::^^l 8 A c liQiJ :/l 8 A p (7)M{|!J<^»4^*;^?5^I^ 2 7 il^Si-SIHIit 1 8 
Ag $:3t7iLTVNSo ^-ffc^i/J^i^n^^l 8 B citi^V^l 8 B pCOM(D|HI^ 

1 8 B g ^mmvr^^^o 

|g 1 (D'^mm^ 2 6a (Z)?5^]^ffMa^ J: 2 CD?^»S& 26b ®?^S&»T®a® 
SS&^M^li, ?^^§gS&2 6 a®^g&WTffi«J2il-hT'^y, ?^^^1^2 6 b CDggB&m 
[0 0 2 0] 

04 JC:^^- J:o{C, Hi (D-feyN;!/-^ 1 8 A(^i£!iU3^1 8 A pizmm^tlt^m 
mSTs^UT^m 1 8 A c i:||2<©■fe7^°^'-^ 1 8 B(^tnrU y 1 8 B p lC?^^$tl 

?t^'fb:^f^^'n:>^«i 8Bc^«. -i^'^mm2 6 (Di^M:^mzs.\i^z^mp^ 
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7.mi 8 Ac t.m2<D±j'^u--$( 1 8Ba:>m'it:ff:^^uy(.mi 8B c Hit. —i^ 

[0 0 2 1] 

||l(Z)-feAU-^ 1 8 Ah||2(Z)-fe/N°b-^5? 1 8 B»;* iSt;^?/^!/-^-^^)*; 

, mi<z)'feAi/-^ 1 8 A^iii2®iz7\°i/~^ 1 8Bizm^^ti^mm. ihV-:f 

nx?i 1 8 A c, l 8 B c tt, -etl-^tl, l 8 A p, 1 8 B p © 

^IftlC o TJ^^S tlT V^ S o 
[0 0 2 2] 

#ia';:/i 8 A p. 1 8 B POME Aii^fss^^ii, vftinmt.(Dmm 

[0 0 2 3] 

#ifiU >^i 8 Ap, 1 8 B p^ipsWpttU >^i:«^;()'Jg^-r'g>tRJ§!c^©^^i£iS: 

Sr?S^-r-Sfeii?)tC, 0. 5~1. 5mmt^n^o -eCDSSli^ 0. 5mniJ:»J 
/jN-e^S ilME A$:^)^^7?^fpI■t§^^IU y 1 8 a p, l 8 B ptf^'ftlt:LmCME 
A^m>^f£<fj^^^^tli)^$)^f)-^^X$>i)^ 1. 5mm^iJi^V$>^tmWcM0y 

^:^f::^^7DX^l 8 A c, 1 8 B c CDtf 5^ P 2 ~ 5 0 mmt StlS. -e<^> 
mmt. 2mmJ:y H°-/^*VjNT'&Si:iaU^l 8 Ap, 1 8 B p (Z)t£t!cM O 



1 2 
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nx^ 1 8 A c, 1 8 B c(Dtauy#;S^fnI;RS L«0, S-'Smm 
h^n^o -e®aiaii> 0. 5m^lJ:^;/J^$V^i:?tf;^^^;^^||l 8 Ac, 18B 
c^tTKT'lBli^tlfey LTailIli^S:«^bJClC< <;&S3b>e>T'fe»;, 3 mm J: »J 

[0 0 2 4] 

, 3 mmJ; *Ji<i^\>^iiWimm<DAv iry y zfibmL <^Jt^ii-^ioX$>^o 

#taU>^18Ap, 1 8 B p(^l«$Htt^X(0^i3i. jEE«, 
m^^^MLXO. 3 — 0. Smmii^tl-S. ^(DSd&liO. 3mmJ:U/hT'fe 

[0 0 2 5] 

1 8 A(Di»iU:/l 8 Ap{Cj^)iB^;!/X^n;^?gl 8 AcT^v^^ig 

^tiTisy, m2<D-\zAV-^ 1 8 B(Diau-:;^i 8 B p izmitiS 7. u yi^M 1 8 

B c*^?^^$4xTv%sfe«), "tjimizm^^y^vf^ y^t)^^\:>x-'rD<7)isyt. 

7, 2 8 W*l/Tt);J/;^li ^ n 7. ?t 1 8 Ac, 1 8Bc ^M-ziXm 
:^15KS&2 7, 2 8f^±^Kt>rc^xmn^%KtA^Z.t.\i.rA\^„ -y'yv'r^y^ 

t>^^i:^x%itS7.m^2 7 . 2 8<Dmmii^m^mzpm^H. is>^m,^27. 2 8 

[0 0 2 6] 

T H 1 (Dlf^mm^ 2 6a ©SSS^eWM^fe j; 2 26b (Dm^m 

1 3 ailiE# 2003- 3 051058 
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Ai/-^ 1 8 B(Dm'it:ff:^^a:^mi 8 B c mt—ii^^^mm^ 2 6(D#:R^r^aic 
Sv>^c■e:M}^)^-r4^Tv^S®"e, :^>c.^n;^^l S a c, l 8 B c (ci: oT?^^?^ 

ji«&2 6;{)^:9'm$tis3i:;?)^^<, ?^^?5gjs&2 sKisif ^'^m^n%0kmzmw^ 

[0 0 2 7] 

:R#:6<r{cii, 1^1 cD-feA°l/-^ 1 8 A(?)j^)|Sf:;{fx^n>^?ii 8 Ac i:||2CD-fe 
/N-l/-^ 1 8B(Dm'itiS:^^U:^mi 8 B c 2 6CD#:R^|bIIC 

S:v^tC■ElS^'^■mTV^-5.®-C^ m, l|2(Z)-fe/N°b-^ 1 8 A, 1 8 BOMtl*^ 
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